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Sunday, February 26, 2012 101arequire multiple simulations with each parameter change, which can make
a comprehensive analysis extremely time-consuming. We developed a novel
parameter sensitivity analysis method for stochastic models that involves ran-
domly varying all parameters, running a single simulation with each set of pa-
rameters, and then statistically relating the random parameters to the simulation
results using regression methods. We tested this method using an established
stochastic Ca2þ spark model with 18 parameters. Results show that standard
linear regression can successfully relate parameters to continuous model out-
puts such as spark amplitude and duration, and logistic regression can provide
insight into how parameters affect Ca2þ spark triggering (a probabilistic pro-
cess that is all-or-none in a single simulation). Benchmark studies demonstrate
that the new method is less computationally intensive than standard methods by
a factor of 6.6. Importantly, we tested model predictions with measurements of
Ca2þ sparks in mice with knockout of the sarcoplasmic reticulum (SR) protein
triadin. These mice exhibit a decrease in the number of RyRs per Ca2þ release
unit, a decrease in junctional SR volume, and an increase in diastolic SR
[Ca2þ]. The regression model predicts that these changes cause a 30% decrease
in Ca2þ spark amplitude, almost exactly matching the 29% decrease observed
experimentally. Additionally, this analysis provides an intuitive and quantita-
tive understanding of how much each alteration in the triadin knockout mouse
contributes to the observed change in spark amplitude. This approach is there-
fore an effective, efficient and predictive method for analyzing stochastic math-
ematical models to gain biological insight.
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Heart failure has a high prevalence in the general population and mortality rates
that remain excessive. Heart failure is characterized by a the loss of the ability
of the heart to pump blood and an increased propensity for fatal arrhythmias.
Changes in excitation-contraction coupling occur in heart failure and involve
the down regulation of sarcolemmal potassium channels, increased expression
of the sodium-calcium exchanger, decreased SR calcium ATPase expression,
as well are remodeling of the T-tubule network. These changes are aggravated
by chronically increased beta-adrenergic stimulation which has been character-
ized as a maladaptive mechanism. In HF, a chronic hyperadrenerigic state re-
sults in chronic hyperphosphorlyation of the cardiac ryanodine receptor
leading to increased sensitivity for calcium dependent channel activation. We
have developed a computational model of excitation-contraction coupling
(that improves uponWilliams et al., 2011) based on the rat ventricular myocyte
that includes the 20,000 calcium release units, each containing a cluster of 49
ryanodine receptors and 7 L-type calcium channels both of which gate stochas-
tically. The model also includes the membrane currents that govern the action
potential and the remaining components of calcium dynamics. The model is
solved using our Ultra-fast Monte Carlo Algorithm and GPGPUs that enable
this massive calculation to be solved efficiently. By implement changes in
ion channel and transporter behavior in the model while also including the spa-
tial re-organization of the TT system, we are able to examine how action poten-
tials and Ca2þ signaling changes in HF. This work reveals how cellular Ca2þ
instability arises and how late diastolic calcium release events (i.e. Ca2þ
sparks) and increased diastolic leak underlie the propensity for development
of arrhythmogenic calcium waves at the cellular level.
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Rationale: The expression of inositol 1,4,5-trisphosphate receptors (IP3R) has
been reported to be increased during cardiac hypertrophy resulting in aug-
mented hormone stimulated Ca2þ transients and arrhythmias.
Objective: To determine the role of IP3R in excitation-contraction coupling
during heart failure.Methods and results: The expression of IP3R2 was increased by 62% in left
ventricle tissue from a post-infarction rat model of heart failure (CHF).
Ca2þ waves were provoked during field stimulation at 1 Hz in isolated cardi-
omyocytes from CHF and sham animals by addition of 100 nM isoprenaline
(ISO) to the superfusate. Subsequent addition of endothelin (ET-1), a Gq-cou-
pled agonist that induces production of IP3, reduced the occurrence of Ca
2þ
waves in failing cardiomyocytes but not in sham. This reduction in Ca2þ
wave occurrence was not seen in control experiments in which only ISO
was added or in which IP3R inhibition with 2-APB was applied. Voltage
clamp experiments showed that the Ca2þ content of the sarcoplasmic reticu-
lum (SR) in ISO stimulated cells decreased in CHF after addition of ET-1.
Thus, in CHF cardiomyocytes, Ca2þ may leak out from the SR through
IP3R without leading to Ca
2þ waves. However, no such IP3R dependent
leak could be detected. Moreover, peak Ca2þ transient amplitude was not
altered by ET-1. However, blockade of IP3R by 2-APB reduced peak Ca
2þ
transient amplitudes in CHF. This indicates that the IP3R might be constitu-
tively activated in CHF.
Conclusions: Stimulation of IP3R in ISO-stimulated CHF cardiomyocytes
abolished Ca2þ waves due to a reduction in the SR Ca2þ load. Further exper-
iments are needed to elucidate the mechanism for this effect of IP3R stimulation
in CHF.
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Trimeric intracellular cation (TRIC) channel subtypes are present in the endo/
sarcoplasmic reticulum (SR) of muscle, heart and other tissues, which contrib-
ute to the movement of counter ions associated with the rapid release of Ca2þ
from intracellular stores (Yazawa et al., Nature 448: 78–82). We recently
showed that skeletal muscle derived from the TRIC-A knockout mice develop
overload of Ca2þ inside the SR that leads to instability of ryanodine receptor
(RyR1)-mediated Ca2þ release and muscle contraction (Zhao et al., JBC, 285:
37370-6). Here we examine the function of TRIC-A in regulation of Ca2þ sig-
naling in the cardiac muscle. Cardiomyocytes isolated from the TRIC-A knock-
out mice show reduced Ca2þ spark frequency under resting condition. Ca2þ
transients in response to voltage stimulation display arrhythmic patterns com-
pared with the wild type controls. While electrocardiogram (ECG) of TRIC-A
knockout mice reveal minor arrhythmic patterns under resting condition, infu-
sion of isoproterenol (80 mg/kg) leads to drastic and acute elevation of arrhyth-
mic ECG patterns that are rarely seen in the wild type mice. Chronic treatments
with isoproterenol (60 mg/kg/day for 14 days) induce development of cardiac
hypertrophy and fibrosis that are significantly more evident in the TRIC-A
knockout mice compared with the wild type controls. Biochemical studies
show that the major Ca2þ regulatory proteins in the cardiac muscle, e.g.
RyR2, NCX, SERCA, Cav1.2 and JP2 are not changed. Our data suggest an im-
portant role for TRIC-A in regulation of Ca2þ signaling in heart function.
Since the absence of TRIC-A caused overload of Ca2þ inside the SR, the
stress-induced arrhythmic Ca2þ signaling and ECG of the TRIC-A knockout
heart could reflect the store-overload induced Ca2þ release mechanism, which
has been demonstrated for the RyR2 Ca2þ release channel in the cardiac
muscle.
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MicroRNAs (miRNAs) are small nonprotein-coding RNAmolecules that target
mRNAs for translational repression or degradation. Increased levels of muscle-
specific miR-1 observed in various models of cardiac dysfunction have been
linked to increased cardiac arrhythmia propensity. The muscle-specific expres-
sion of miR-1 is mediated by the myocyte enhancement factor 2 (MEF2),
a known downstream target of Ca2þ/calmodulin dependent protein kinase II
(CaMKII). In this study, we utilized a genetic mouse model (i.e. calsequestrin
2 mutation, CASQ2R33Q) of catecholaminergic polymorphic tachycardia
(CPVT) to test the hypothesis that enhanced Ca2þ leakage through the
